A new forecasting method and its application to Germany on district level (413 districts 
The IAB-STASA modelling approach
The aim of the regional forecasting approach of the IAB-STASA model consists in linking the economic development of the regional gross wage payment and the volume of employment with the regional population dynamics due to migration and demographic change. Since the last two decades the issue of migration has received a substantial attention in the public debate about spatial population aging and demographic development. However, only moderate attention has been given to the spatial economic impacts of migration, especially on the labour market, namely regional employment development, regional gross wage differentials and regional gross wage payment.
It is well known that migration and commuting exhibit a strong age dependence and are further determined by spatial barrier effects and a set of regional socio-economic location factors related to the regional housing market, the labour market, accessibilities and further regional characteristics such as cultural, ideological, political and behavioural differences, to take into account the spatial heterogeneity of regions (Baas, 2014; Baas and Brücker, 2012) . In the IAB-STASA modelling approach two analysis components are combined (Binder, Haag and Koller, 2002) : firstly, the master equation approach for modelling of the demographic development and migration behaviour of the population and secondly, the interlinked structure of the labour market Schwengler, 1999 and 2000; Blien, 1998; Blien and Hirschenauer, 1999; Tassinopoulos, 2000) .
Modelling of the population dynamics
The population dynamics is given by (1): (2007) is based on the master equation framework (Haag and Weidlich, 1984; . Since ) (t E i γ individuals are at time t in district i, the probability to migrate to another district is proportional to
r r γ be the transition rate from i to j for a member of the subpopulation γ . Of course, this transition rate depends among others on the explicit spatial distribution of the population E r and specific characteristics r x of the district (Domencich and McFadden, 1975; Fischer et. al., 1988; Haag, 1989; Haag and Weidlich, 1984) .
In this way the number of changes of location between the districts i and j are given by (2): It is a general experience that migrants compare the attractiveness of different alternatives with respect to certain characteristics (e.g. working and housing conditions). The probability to migrate from i to j with increasing difference of attractiveness 0
is reflected in (2) (Fechner, 1877; Weber, 1909; Fazio and Zanna, 1981) . Without any loss of generality the attractiveness can be scaled by (3)
The probability to migrate depends strongly on the distance ij d between the districts and the available transport system. This dependency is modelled via the distance deterrence function (4) 
The parameters of the migration flow model (2) 
with the constraint (7) ∑ ∑ ∑ ∑
1 The shadow-costs take region specific additional barrier effects into account, which are not appropriately 
A sequence of potential explanatory variables, e.g. number of jobs available, the number of vacant dwellings, wages, unemployment rate, gross-regional-product, shop distribution and other local infrastructure factors have been critically used and tested (Björn, Mitze and Untiedt, 2010) .
The labour market
Regarding the regional level, two fundamental concepts can be distinguished: Registration of data at the place of residence (WO) and registration of data at the place of work (AO). The link between both concepts is performed by commuters.
The gross wage payment and the volume of employment (number of working days of all employees) are basic input variables of the macroeconomic accounting procedure. Both variables are assigned to the employees and consequently, are also distinguished according to their place of registration.
The number of employable persons (age group between 15 and 65 years) ) (t EF WO i is obtained via a sum over the population numbers of the corresponding age groups (9)
The number of employed persons at the place of residence ) (t B WO i is then obtained as a fraction of the number of people of employable age (10) [ ] 
The regional gross wage payment or regional income ) (t BLS AO i on the level of districts represents the sum over all gross earnings of employed persons liable for social insurance (IAB 2001) (13):
Therefore, the regional gross wage payment ) (t BLS AO i can be directly obtained from the volume of employment ) (t BV AO i multiplied by the average regional wages per day ) (t WpT i . Of course there exists a strong cross-link between regional developments, supply and demand of employment (Bade and Niebuhr, 1999; Nijkamp, 1985) .
Forecasting of the development of the economic crisis in Germany
The focus of the forecasting is related to the time period of the last economic crisis in Europe. The simulations start in 2007 and show the expected impact of the economic crisis on the development of all 413 districts of Germany as well as on the aggregated level: EastGermany, West-Germany, Germany as the whole. As an example the development of the districts of the State of Bavaria are considered. Fore comparison reasons the data base up to the year 2009 could be used.
For the first year of simulation (2008) regression models were applied (see 14, 15). After 2008 scenario techniques are introduced in order to estimate the spatial effects of the crisis as well as the expected overall development of the German districts (see 16, 17). Three scenarios have been considered: most optimistic development, expected development and pessimistic development of some influencing variables like the development of the number of short time workers, the changes in the wages, to mention a few. In the following the assumptions, hypotheses and results related to the most optimistic scenario are presented, since a comparison with empirical data of the years 2008 and 2009 shows that the economic crisis for Germany was less dramatic as expected (see Figure 5 ) and had merely lead to a stagnation in the economic output.
Assumptions and hypotheses (used optimistic scenario):
In March 2009 more than 700.000 short-time workers are registered in Germany. It is assumed that a part of the short-time jobs are transferred into unemployment, depending on the job-qualification level and the branches of the industry. The economic crash has an impact on the development of the regional wage level. It is assumed that in 2009 the regional wage levels are stagnating and start in 2010 to increase again, with the rate before the crisis. Furthermore, a slow increase of productivity is assumed. This may -in the long runlead to a reduction of the number of jobs. It is assumed that in 2010 the situation on the labour market and the number of unemployed on average is rising to 4.1 million (Ifo, 2009) .
In March 2009 the number of new reports of companies, concerning short-time work reached with almost 700.000 employees its peak (Figure 1) . The wages per day ) (t WpT i are estimated via a multiple regression (14). Beside the wages of the previous year, the change of the gross-domestic product
, and the GINIcoefficient
concerning the yearly regional income distribution and a dummy variable to distinguish between East or West German districts are of importance. The GINIcoefficient is used as a common measure of statistical dispersion, this means of regional inequality. The importance of spatial autocorrelation measures and measures of inequality for the understanding of regional development, especially of regional employment is discussed e.g. in Zierhahn (2012) . (14) The number of days of employment per capita ) (t TpBF i is also calculated for the year 2008 via a multiple regression (15). As explanatory variables the rate of unemployment
, the wages per day ) (t WpT i and the workplace density become significant. 
In Figure 2 the development of the average wages per day ) (t WpT i in East and West Germany are shown. Empirical data exist until 2007 (vertical line), then forecasting starts. These curves are obtained via averaging over all West German and East German districts in order to show the overall development of the average wages per day of West and East Germany and Germany as a whole. The reduction in the total volume of employment and the development of the wages determine the temporal evolution of the gross wage payment ( Figure 5 ). 
Forecasted spatial interdependencies: example Bavaria
In order to show the impact of the crises on spatial structure, the development of the expected trajectories on the district level without crises will be compared with the expected trajectories with crises using scenario technique. It is assumed, that on the basis of multiple regression results the regional attractiveness indicators (8) to migrate, as well as the variables wages per day (14, 16) and working hours per day (15, 17) can be appropriately estimated for all 413 districts. Moreover, the impacts of the crises are superimposed by redistribution effects not related to the crises, e.g. by events planned on the long-run. In addition assumptions concerning cross-boarder migration have to be implemented. Here we follow in part the assumptions used by the Statistische Bundesamt, Wiesbaden.
Based on experience it is reasonable to assume that positive/negative economic effects must exist over a longer time period in order to be considered in the decision process of employees to migrate. Therefore, the effects of the crises on population distribution as well as related economic impacts will be considered after a cumulating period of 5 years. Furthermore it is assumed that only a part of the population, roughly estimated about 10% (part of the population with appropriate characteristics) will consider the impacts of the crises in its decisions to migrate. For all others no changes in its migration behaviour are expected. The development of the different districts of Bavaria is based on the following classification scheme for the cluster identification:
• Population development: < -0.1%
• Population development: > +0.1%
• Population development: -0.1% and + 0.1%
A comparison of the expected development of the different districts without crises and with crises yields therefore 9 possible clusters. However only 7 types of clusters can be identified (see Figure 6 ):
Cluster 1: Growth of population increased by the crises Districts belonging to this cluster are the motors of Bavaria: Munich City, Augsburg City, Nuremberg City, and some others.
Cluster 2: Loss of population increased by the crises
Many smaller cities and rural districts belong to this cluster: Wunsiedel, Coburg, Cham, Bayreuth, Ansbach, to mention a few.
Cluster 3: Strong growth of population will be stopped by the crises Only one district, namely the City of Ingolstadt belongs to this cluster. Especially Ingolstadt depends strongly on car industry (Audi) and related sectors. Since in Germany especially the car sector was mostly affected by the crises, it is reliable that this region will loose high qualified employees due to labour force migration.
Cluster 4: Growth of population will be diminished by the crises Districts of this cluster are Fürth City, Freising, Bad Tölz, Dachau, Rosenheim, Landsberg, Lindau and a few more. The positive population increase of these districts will be diminished due to the impacts of the crises, but will stay positive.
Cluster 5: Population losses due to the crises can not be compensated
The crises enforce out migration of population in the long-run, leading to a negative population balance. The districts are Erlangen City, Regensburg, Schweinfurt City, Kelheim, Aschaffenburg City, Landshut, Ostallgäu, to mention a few.
Cluster 6: Population development not affected by the crises
To this cluster belong the more rural districts Erding, Ebersberg, Passau, Fürth, Rottal-Inn, Kulmbach and Kaufbeuren.
Cluster 7: Population gain due to the crises can not compensate the losses due to out migration Migration events influenced by the crises have a positive impact on the population balance of these districts and reduce the expected out migration. This cluster is build by the districts Wuerzburg, Altoetting, Kempten, Hof and Bayreuth City.
Conclusions
The complexity of forecasts at the regional level requires not only the involvement of many endogenous and interrelated variables and an appropriate modelling of the corresponding driving forces but also the possibility to introduce exogenous shocks. Of course, labour force migration and commuting are influenced by the development of the economy. However, the inertia of migration processes lead to a delayed reaction of the labour force on the crises.
In order to demonstrate the impact of the crises on the spatial interdependencies between districts of Germany the development of the expected trajectories on district level with and without crises are compared. Multiple regressions are used to model the driving forces of the process for all 413 German districts.
A comparison of the gross wage payments for the years of 2008 and 2009 shows that our scenario, despite the fact that it was assumed to be very positive, was not positive enough to explain the real development of Germany through the economic crises. 
